Abstract: Both ester-and ether-based thermoplastic polyurethane (TPU) nanocomposites were prepared by melt blending, using 3 wt % Cloisite 10A (organically modified montmorillonite clay) as the nanoscale reinforcement. The nanocomposites were subsequently melt-blended with polypropylene (PP) using maleic anhydride grafted polypropylene (MA-g-PP) as a compatibilizer (in the ratio of 70/30-TPU nano/PP, 70/25/5-TPU nano/PP/MA-g-PP). Besides giving substantial increase in modulus, tensile strength and other properties organoclay reinforcement functions as a surface modifier for TPU hard segment. X-ray diffraction studies revealed that compatibilization is further improved by introducing functionalized PP (MA-g-PP) in the organoclay containing blends. The blend system was evaluated by DSC, DMA, SEM, mechanical properties and Xray diffraction. The results indicate that the ester-TPU exhibited greater miscibility than ether-TPU. Abrasion resistance and water absorption were also better for compatibilised ester-TPU blends as compared to the ether-TPU materials.
Introduction
Recently, polymer/organoclay nanocomposites have been extensively studied and published in the literature. Organically modified nanoclay has been widely used as a reinforcing agent for commercially available polymers like polypropylene (PP), nylon and polyurethane. Some correlations have been established between organoclay loading and the physical, mechanical and thermal properties of the nanocomposites.
Depending on the strength of interfacial interactions between the polymer matrix and layered silicate (organoclay), two types of polymer/organoclay nanocomposites are achievable. In intercalated nanocomposites, the insertion of a polymer matrix into the layered silicate structure occurs in a crystallographically regular fashion, regardless of the clay to polymer ratio. In an exfoliated nanocomposite, the individual clay layers are separated in a continuous polymer matrix by an average distance that depends on clay loading. Usually, the clay content of an exfoliated nanocomposite is much lower than that of an intercalated nanocomposite.
Polypropylene/organoclay nanocomposites were prepared via direct meltintercalation by using an internal mixer and co-rotating twin screw extruder [1] . The structure of nanocomposites was characterized by X-ray diffraction, transmission electron microscopy and rheometry in small amplitude oscillatory shear. MA-g-PP was used as a compatibilizer to improve the dispersibility of clay in polypropylene. There are several reports of polypropylene-graft-maleic anhydride being used to compatibilize PP and nanoclay in PP/nanoclay nanocomposites [2, 3] . The clay aggregates were found to become smaller and silicate layers finely dispersed for concentrations of PP-g-MA above 10 wt %. Nanoclay is also believed to function as a nucleating agent, improving crystallinity by promoting heterogeneous crystallization [2] .
Song et. al investigated the phase morphology of nanoclay-polyurethane nanocomposite by small angle X-ray scattering (SAXS) and atomic force microscopy (AFM) [4] . It was observed that with increase in clay content, the surface energy of polyurethane hard segment decreased. This result suggested that organic modification of nanoclay had a surface activation function to some extent.
Blends of TPU and PP are highly incompatible because of large differences in polarities and high interfacial tensions. Potschke, et al [5] have studied the surface tension and interfacial tension of different PU and PP. The reported experimental value indicates that low interfacial tension between polyether based TPU soft segment and PP results in better dispersion.
Potschke, et al [6] have carried out PP/TPU blend study without compatibilizers. They reported that at similar viscosity ratios (μ d /μ m ), blends with polyether based TPU produced a finer morphology than blends with polyester based TPU, due to low interfacial tension between polyether based TPU soft segment and PP.
Macosko et.al have studied TPU/PP based blend in the ratio of 70/30 with compatibilizer like maleic anhydride-g-PP and primary/secondary amine-g-PP [7 -9] .
The aim in this paper is to develop nanoclay filled TPU/PP blend with compatibilizer to get overall best performance, using both blending and nanocomposite technologies. Thermoplastic polyurethane is attractive because of its high abrasion resistance, tensile and tear strength, flexibility and shock absorbing capabilities. However, it has certain disadvantages like high cost, moderate thermal stability and mechanical strength, limitations in chemical resistance and processability [10] . Nanoclay reinforcement, besides giving substantial increase in modulus and tensile strength also function as a surface modifier for TPU hard segments. The reduction in surface energy of hard segments is confirmed by AFM tests and contact angle measurements. The reduced interfacial tensions between the thermoplastic polyurethane and the polypropylene due to the incorporation of nanoclay gives better compatible blends. Cloisite 10A, a more hydrophobic nanoclay, when premixed with TPU, is also thought to function as a compatibilizer for TPU/PP blends because of its affinity for the non-polar PP. Compatibilization can be further improved by introducing functionalized PP (MA-g-PP) in the nanoclay containing blends. The strategy of reactive compatibilization is supposed to be fast reaction between carbonyl functional groups of TPU, hydroxyl group of nanoclay silicate layers and anhydride moiety of MA.
The main objectives of the work can be summarized as follows: preparation of esterand ether-TPU/C10A nanocomposites by direct melt Intercalation [11, 12] , melt blending of the prepared nanocomposites with PP using MA-g-PP as the compatibilizer, preparation of test specimens by injection molding, characterization by X-ray diffraction (XRD), differential scanning calorimetry (DSC), SEM and dynamic mechanical analysis (DMA), evaluation of tensile, abrasion and water absorption properties of the blends and blend nanocomposites, comparison of dispersion characteristics and properties of ester-and ether-TPU blend nanocomposites.
Results and discussion

X-ray diffraction
X-ray diffraction (XRD) is extremely useful to study the structure and morphology of polymer nanocomposites. As the layer spacing increases due to intercalation of polymer chains between the layers, the process can be monitored by X-ray diffraction. The diffraction characteristics of uncompatibilized and compatibilized ester-and ether-TPU(C10A)/PP blends are shown in Fig. 1 . and 2. In ester-TPU(C10A)/PP, a peak appears at 2Ө~4.40 (d001=1.59 nm) indicating a slight increase in gallery space as compared to neat nanoclay [12] [13] . This is an indication that the non-polar PP chains have been incorporated in the gallery space because of their affinity for the nanoclay. The peak is absent in ester-TPU(C10A)/PP/MA indicating good dispersion, it appears that the compatibilizer MA-g-PP aids the dispersion of nanoclay in the blend. In the case of ether-TPU(C10A)/PP blend, peak appears at 2Ө~4.420 . But the peak reduces in intensity for the compatibilized blend and two peaks appear at 2Ө~2.80 and 2Ө~4. 20 . Ether based blend system shows two diffraction peaks; this may be due to higher percentage of clay loadings for the given blending conditions. Thus, it is confirmed that the compatibilizer makes the nanoclay better dispersed with the polymers, irrespective of ester-or ether-based TPU. However, the extent of dispersion of nanoclay is better in ester-TPU(C10A)/PP/MA.
XRD results are often reported to be misleading in terms of clay dispersion [12] . Therefore, only with the XRD analysis of these nanocomposites blends , it cannot be concluded that these nanocomposites show the intercalated or the exfoliated clay structures. In this regard, SEM pictures were taken and the results are reflecting similar trend as XRD results. In SEM pictures, effect of nanoclay dispersion are discussed with blend morphology of these blends.
Differential Scanning Calorimetry
Differential Scanning Calorimetry (DSC) measures the amount of heat energy absorbed or released when the material is heated, cooled or maintained at a constant temperature. For polymeric materials, which undergo important property changes near thermal transitions, DSC is a very useful technique to study the glass transition and melting behaviour. The DSC thermograms of the ester-and ether-TPU(C10A)/PP blends are shown in Fig. 3 and 4 . A summary of the observed thermal transitions is given in Table 1 . In the case of both nanocomposites and blends, the ether-based materials showed a lower glass transition temperature of same hardness level of ether and ester TPU [14] [15] [16] . The lower soft-segment T g is attributed to the lesser weak forces (Hydrogen bonds) in ether-TPU. On compatibilization with MA-g-PP the T g shift is more for ester-TPU blend nanocomposites, indicating better miscibility. The results showed that the ester-TPU(C10A)/PP/MA blends were better compatibilized (T g shift from-48.6 to 42. 
Dynamic Mechanical Analysis
Dynamic mechanical analysis (DMA) is the most accurate tool for the thermomechanical characterization of polymers and polymer blends. The variation of mechanical properties like storage and loss moduli can be studied as a function of temperature or frequency under a variety of deformation modes. The ratio of the loss modulus (energy lost as viscous dissipation) and storage modulus (elastic energy stored during deformation) is known as tan δ and is indicative of the damping characteristics of the material. The dynamic mechanical parameters (storage modulus and loss modulus) for the various blend nanocomposites are plotted as a function of temperature, at a constant frequency of 10 Hz (Fig. 5 & 6 ) [17] [18] [19] [20] . The storage and loss moduli at -95 0 C are shown in Table 2 . The storage modulus at -95 0 C of ester-TPU/PP blend, without nanoclay and compatibilized with the same wt% of MA-g-PP, prepared under identical conditions, is reported to be 7.90 Gpa [20] . Thus, a 3 wt% C10A reinforcement increased the storage modulus of the blend by ~ 70%. At room temperature, the storage modulus value of the ester-TPU blend nanocomposite is more than that of the ether-TPU blend nanocomposite. It is possible that well-dispersed clay platelets resulted in an increase in the storage modulus. The dissipation factor (tan δ) of the materials based on ester-and ether-TPU are presented as a function of temperature in Fig. 7 . The tan δ peak is associated with the soft segment glass transition temperature and the peak positions are given in Table 2 . The temperature corresponding to the tan δ peak increases in the orderether(C10A)/PP<ether-TPU(C10A)/PP/MA<ester-TPU(C10A)/PP<ester-TPU(C10A)/ PP/MA. This is attributed to the increasing order of miscibility for the blends. The same trend was observed in the plot of loss modulus vs. temperature for the blends, thereby confirming the higher miscibility in compatibilized ester-TPU(C10A)/PP/MA blends. 
Tab. 2. Storage, Loss moduli at -95
Tensile properties
The tensile test data of the nanocomposites and blends are summarized in Table 3 . Stress values at 20%, 100% and 200% elongations are shown in Fig. 8 . 
Abrasion Resistance
Abrasion resistance results for ether-and ester-TPU blend nanocomposites are shown in Table 5 . It is observed that ester-TPU(C10A)/PP/MA offers the best abrasion resistance. Ester-TPU has higher abrasion resistance than ether-TPU.
Compatibilizer MA-g-PP improved the abrasion resistance of the blends. 
Water absorption characteristics
The weights obtained after immersing identical samples in water for 48 hrs, expressed as a percentage of the initial weights are tabulated in Table 5 . The absorption values were in the range 0.442-0.720%.The nanocomposite blends have lower water absorption than the pure blend materials because of the improvement in miscibility due to the incorporation of organoclay. When compared with ether-TPU materials, the ester-TPU blends and nanocomposites showed lower water absorption. It is observed that the size of dispersed PP particle is considerably reduced in the ester -TPU (C20A) / PP / MA ( Fig. 9 d ) system [19, 20] .
Tab. 5. Water Absorption (%).
Material
The high polarity difference between thermoplastic polyurethane and polypropylene limits the miscibility of their blends. Nanoclay was used to reduce the surface energy of the TPU hard segments which makes them more compatible with the non-polar PP. More miscible blends have been obtained by using MA-g-PP as the compatibilizer. Better dispersion of organoclay may be attributed to two reasons. Firstly, maleic anhydride forms hydrogen bonds with the hydroxyl groups of the silicate layers. Secondly, there is a possible chemical reaction between maleic anhydride and the urethane linkages in the TPU hard segments. Compared to the ether-TPU based blend nanocomposites, the ester-TPU blends show better miscibility as confirmed by XRD, DSC, DMA, tensile strength and SEM analysis. The clear difference between ester-TPU and ether-TPU is that ester-TPU has carbonyl groups both in the polyol segements as well as the TPU hard segments. This may lead to more extensive hydrogen bonding in the blend system thus improving the miscibility.
Conclusions
Both ester-and ether-TPU based nanocomposites were prepared and blended with PP using maleic anhydride-grafted-PP as the compatibilizer. The compounds were characterized by thermal (DSC), DMA, mechanical (tensile tests), XRD analysis and SEM. Comparisons have been made between ester-and ether-TPU(C10A)/PP blend nanocomposites in terms of dispersibility of nanoclay, miscibility of blend components and effect of compatibilizer. MA-g-PP was found to be an effective compatibilizer for TPU (C10A)/PP blends. Ester-TPU (C10A)/PP/MA blend nanocomposite was found to have very good overall performance and is a potential candidate for cost-effective, high strength applications of thermoplastic polyurethane. This is because maleic anhydride undergoes chemical reaction with the urethane groups in the TPU hard segments and also forms hydrogen bonds with the silicate layers of C10A. Ester-TPU with carbonyl groups both in the polyol segments and urethane hard segments, has more extensive hydrogen bonding than ether-TPU.
Experimental
Materials
Ester-TPU ( 385 S ) and Ether-TPU ( KU2-8600E ) were supplied by Bayer (TPU) India Ltd., Chennai. The MFI value of 385 S and KU2 -8600E was 10 g/10 min and 11 g /10 min respectively. (190 0 C/2.16 Kg). The hardness value of 385S and KU2 -8600E was Shore A 85 and 82 respectively. PP (MA 1100) was supplied by Reliance Industries Ltd., Jamnagar, India. The MFI value of PP (MA 1100) was 11 g/10 min 
Preparation of nanoclay filled TPU / PP blends
Ester-TPU/C10A and Ether-TPU/C10A nanocomposites were prepared and subsequently blended with PP for various studies. 3 wt% of the nanoclay was used. The ester-and ether-TPU pellets were dried at 100 0 C for 4 hours. The nanoclay was dried at 100 0 C for 12 hrs in vacuum oven. The dried pellets were fed into a corotating twin screw extruder (Berstrof ZE 25) and the temperature of the die zone was maintained at 190 0 C. The extrudate was received as strands, which were cut into small granules for melt blending with PP.
The granules of nanocomposites, along with pellets of PP and MA-g-PP were predried at 100 0 C for 4 hours in a vacuum oven. Blending was done in the co-rotating twin screw extruder (Berstrof ZE 25) at a die zone temperature of 190 0 C and the extrudate was again obtained in the form of strands. Nanoclay filled Blends of two compositions each for ester-and ether-TPU (Table 6) were prepared by the method described above. Neat ether-and ester-TPU/PP blends were prepared in the ratio of 70/30. 
Preparation of test specimens
The strands obtained after blending were cut into small granules for injection molding. The prepared blend nanocomposites were molded in an Injection Molding machine (Ferromatik Milacron) to produce specimens for tensile test according to ASTM D-638. Molding was done after pre-drying at 90 0 C for 4 hours. The various processing parameters were maintained as follows: Nozzle temperature 200 0 C, barrel temperature 190 0 C, injection speed 110 mm/s and fill pressure 145 bar.
Testing and characterization
-X-ray diffraction
The change in gallery spacing of silicate layers in the blend nanocomposites was determined on an X-ray diffractometer (Bruker AXS D-8 Advance) using Cu (λ=1.5406Å) as the radiation source. The samples were scanned at a rate of 3 0 /min (the increment step was 0.01 0 and the step time was 0.2 s) at room temperature for 2-theta values starting from 1o to 50 0 . The d-spacings were calculated using Bragg's equation (n λ= 2d sin θ ).
-Differential Scanning Calorimetry
The thermal properties of the blend nanocomposites were measured by a differential scanning calorimeter (Mettler Toledo, DSC 822e). Sample weight of 3 to 5 mg was scanned in nitrogen atmosphere at a heating rate of 100 0 C/min. Thermograms were taken by heating the samples in the temperature range from -100 0 C to 300 0 C.
-Dynamic mechanical analysis Dynamic mechanical measurements were performed for the prepared blend nanocomposites (60 mm Χ 13 mm Χ 3.5 mm) using a NETZSCH DMA 242 instrument provided with a dual cantilever. Analysis was done in the temperature range -100 0 C to 200 0 C at a frequency of 10 Hz and a heating rate of 5 0 C/min.
-Tensile Testing
Tensile tests were carried out as per ASTM D 638 on a universal testing machine (International Equipments, Mumbai) at a crosshead speed of 200 mm/min. A maximum of 400% elongation was allowed and the stress required for 20%, 100% and 200% elongation were recorded.
-Abrasion resistance and water absorption characteristics Abrasion resistance for the samples was measured according to DIN 53516, using specimens from injection molded test specimens. Water absorption characteristics were evaluated by immersing identical geometry specimens in water for 48 hours at room temperature.
-Scanning Electron Microscopy (SEM)
The injection molded sample was dissolved in xylene at 80 ºC for 4 hrs to remove PP portion in the TPU/PP blend. Morphological studies were performed on the chemically etched and gold sputtered samples using JOEL (JSM-5800) Scanning Electron Microscope.
